from epilepsy. Pre-, peri-and postnatal periods of the patient were uneventful. Psychomotor development was delayed. She was able to sit without help at age 18 months and walk at age 3 years. She spoke her first words at age 2j years. Motor performance was poor and deteriorations often with slow recovery was noted with intercurrent infections. During these periods of deterioration, frequent sighing, tachy-and bradypnoea, and tachy-and bradycardia were evident. Occasionally she had partial oculomotor nerve paresis on the left, that subsided within one week. Progressive exercise intolerance became evident. At age 5 years, neurological examination revealed myopathic and cerebellar signs, brisk tendon reflexes and flexor plantar responses. Total IQ (WISC-R) was 95. At age 7 years, a slowly progressive psychomotor deterioration set in, and 704
A mitochondrial encephalomyopathy with a partial cytochrome c oxidase deficiency of muscle absence-like epileptic manifestations appeared, that were treated with ethosuccimide.
At age 10 years, she was referred to our department. Examination revealed a mentally retarded girl, with normal height, weight and skull circumference. There were no degenerative stigmata. General physical examination was normal. There was generalised hypotonia, muscle wasting, and proximal muscular weakness, with increased lumbar lordosis, genu recurvatum and a positive Gowers' sign. Facial expression was poor with mild bilateral ptosis, and monotonous dysarthric speech. Cerebellar involvement was shown by ataxia of rump and extremities, and marked dysdiadocfiokinesis. Tendon At the age of 10 and 16 years quadriceps muscle biopsy specimens showed ragged-red fibres. Biochemical studies showed a slight decrease of "4CO2 production from pyruvate and malate, and a decrease of ATP production from pyruvate to one-third of the mean control value. Cytochrome c oxidase activity in muscle homogenate as well as in isolated muscle mitochondria was decreased to 20% of the mean control value. These data and the lack of cytochrome aa3 protein point to a disturbance of mitochondrial oxidative metabolism at the level of cytochrome c oxidase. Involvement of the central nervous system and elevation of pyruvate and lactate in CSF make it likely that the same defect was present in CNS. Although the disorder had a multisystem character, no defect could be detected in fibroblasts. 
In various patients with partial or complete cytochrome c oxidase deficiency, an overall decrease 22 -24 or complete lack25 26 of histochemical reactivity of cytochrome c oxidase have been reported. Apparently the residual activity of cytochrome c oxidase in our patient was sufficient to give normal light-and electronmicroscopic appearance.
Cytochrome c oxidase deficiency clinically presents in a heterogeneous fashion: it can manifest as a fatal infantile myopathy27 with28-35 or without25 [36] [37] [38] [39] DeToni-Fanconi-Debre syndrome or as a benign spontaneously remitting myopathy of infancy.2240 Cytochrome c oxidase deficiency has also been reported in two types of mitochondrial encephalomyopathies: the syndromes of Alpers4' and Leigh.23 26404243 Complete lack of histochemically demonstrable cytochrome c oxidase activity has been reported in individual fibres in patients with chronic progressive ophthalmoplegia, but biochemical studies most often revealed normal cytochrome c oxidase activity.44 45 The deficiency of cytochrome c oxidase described in Menkes' kinky hair disease46 has a secondary nature, due to secondary deficiencies of copper dependent enzymes, one of which is cytochrome c oxidase.
Our patient fits in with the clinical picture of Leigh syndrome47 and we have made a clinical diagnosis of Leigh syndrome in our patient.
Recently, a patient with a childhood encephalomyopathy with cytochrome c oxidase deficiency in muscle and platelets, resembling our patient, was reported by Angelini et al.24 This patient, an 8 year old boy, had muscle wasting with proximal weakness, ataxia and mental impairment, but no pyramidal signs. There was parental consanguinity in this case, pointing to an autosomal recessive mode of inheritance.
In other patients with Leigh syndrome, the deficiency of cytochrome c oxidase was present in skeletal muscle, heart muscle, brain, kidney, liver and cultured fibroblasts.48 Normal enzyme activities have been reported in liver tissue,26 and in liver tissue and cultured fibroblasts48 of Leigh patients with a cytochrome c oxidase deficiency of muscle.
There are strong indications of the existence of tissue-specific isoforms of the complex enzyme cytochrome c oxidase,49 that might explain the differential involvement of tissues. The apoprotein consists of multiple subunits, three of which are encoded by mitochondrial DNA, whereas the rest is encoded by nuclear DNA.50 As mitochondrial DNA is maternally transmitted,51 a non-mendelian type of inheritance is possible in cases of cytochrome c oxidase deficiency.52 However, this has until now not been documented in respiratory chain defects, and autosomal recessive inheritance seems most probable.
To elucidate aetiological mechanisms, enzyme abnormalities will have to be identified at the molecular level with modern techniques of immunocytochemistry and molecular genetics. Immunodetection allows identification of the enzyme subunit composition. The amount of immunologically reacting protein was normal in two Leigh patients with cytochrome c oxidase deficiency," 53 and diminished39 or absent53 in patients with a fatal myopathy with or without renal dysfunction. As human mitochondrial DNA has been fully sequenced,54 it is likely that mutations can be demonstrated at DNA level within a few years. Definition of biochemical errors at the molecular level will disclose different molecular defects of cytochrome c oxidase that constitute the basis of the different phenotypic expressions of the enzyme deficiency.
This investigation is part of the research program "Disorders of the Neuromuscular System" of the University of Nijmegen.
